To drive a spatial soliton into a circular motion, we employed interactions between the soliton and a curved nonlinear interface. The radial forces yielded an orbital soliton, when the interface nonlinearity exceeded a threshold value.
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where k 0 and k θ are respectively the free space and azimuthal wave-numbers; n 0 , n 2 are the respective linear and Kerr indices of refraction. Introducing the conformal transformation {U=Rln(r/R), V=Rθ} [2] , the wave equation is transformed to: 
R is an arbitrary scaling factor of the transformation. This equation may have general solutions for nonlinear wave packets, but we seek specifically for solutions similar to the solitons of the Non-Linear Schrödinger Equation (NLSE) [3] . A NLSE can be obtained from Eq. 2 for radially inhomogeneous medium satisfying:
and the exact orbital soliton in the U,V plan has a radial envelope of ~sech(log(r/R)). However, we seek for circulating soliton solutions in a homogenous nonlinear medium with a single interface. To understand the required interface forces, we examine Eq. 2 as a perturbed NLSE for the case when the lateral (U) width of the wave-packet is much smaller than R. For convenience we choose the orbital radius value as R and Eq. (2) in normalized coordinates becomes:
where:
Eq. (4a) is a perturbed NLSE, which admits a perturbed soliton solution with intensity:
, where ε is the soliton peak amplitude, and u 0 is soliton center. Using soliton perturbation theory [4] , the perturbation source (the third term in the RHS of Eq. (4a)) introduces an effective force that accelerates the soliton outwards:
The existence of this centrifugal force, F r , in homogenous media, is a manifestation of the fact that we imposed a circular motion, while obviously, a free soliton propagates in a straight trajectory. 
∆(n 0 n 2 )≡(n 0 +∆n 0 )(n 2 −∆n 2 )-n 0 n 2 . The equivalent force acting on the soliton due to the disk interface depends on the soliton displacement from this interface:
To set the soliton into a stable orbit, the total applied force must vanish at a certain radius, around which a potential well is formed. Fig. 1(b) illustrates the potential shape: W=-∫Fdu, and its two constituents W r and W n related to F r and F n respectively. Since the potential minimum is local, the capture of a soliton in orbit is possible if the initial position of the soliton is within the local well. Solitons, which are initially placed outside the local well, will be carried away from the interface and escape orbit unless a sufficient equivalent kinetic energy is providedrelated to the initial radial velocity (k u ). Like its mechanical equivalent, any initial deviation of the soliton from the center of the well, results in oscillations (radius jitter) around orbit. The attracting force in real space is scaled by 1/k θ 2 , thus the angular velocity (proportional to k θ ) reduces the depth of the potential well.
The necessary conditions for realizing a circular orbital motion are obtained by equating the two radial forces acting on the soliton and using the fact that sech 4 is bounded by 0 and 1:
The left inequality corresponds to ∆n 2 being positive (for n 0 ∆n 2 » n 2 ∆n 0 ) i.e., the Kerr coefficient of the disk should be higher than that of the cladding, unless nonlinear index step vanishes. From the right inequality we extract a threshold value for ∆n 2 which is a necessary condition for supporting an orbital soliton:
We compare our closed form results to Beam Propagation Method simulations based on NLSE [3, 5] . For a given linear negative index step height (∆n 0 ) and without nonlinear step (∆n 2 ), the soliton escapes. When the nonlinear step exceeds the threshold level, the soliton is captured into a circular orbit. Eq. 9 predicts accurately the threshold step height that was obtained in the simulations and the agreement improves for larger k 0 R. The threshold value decreases as the radius increases: the centrifugal force (F r ) decreases for larger orbital radius, thus a smaller counteracting force (F n ) is required. Increasing the negative linear index step height requires a corresponding increase of the nonlinear step to keep the soliton in orbit.
To transform the simulation results back to polar coordinates {r,θ} k θ should be determined:
In the above analysis the azimuthal periodicity is absorbed by the coordinate transformation. However transforming to the actual plane requires taking into account the cyclic boundary conditions of the structure, indicating that the azimuthal k-vector (k θ ) value is an integer, and that a whole number of amplitude periods, θ per (corresponding to v per ), equals 2π. This leads to discrete values of k 0 R:
Where m and l are integers, and v per value is inferred from the simulation for each k 0 R. Fig 1(a) ). In contrary to diffracting beams, that would escape orbit for such linear refractive index profile, the soliton is captured to orbit due to nonlinear effects. Decreasing the Kerr index difference would eliminate the potential well in the vicinity of interface and cause the soliton to escape orbit. In Fig. 2(b) ,(c) the soliton is initially displaced from the interface and given a radial velocity (wave-vector in the radial direction, k u ). Three trajectories are depicted for three different initial k u starting at the same initial point where for one (k u =0.69) the soliton is trapped in orbit Soliton circulating in orbit due to forces induced by a non linear interface is exhibited. It is demonstrated that orbital solitons exist even for repelling linear step index profile, given the nonlinear index difference is high enough. This threshold value was calculated and confirmed by simulation results. Variety of additional trajectories depending on material parameters as well as on initial soliton position and angular/radial velocities will be presented.
